In spite of long research period for Salmonella typhi, little information is known about the pathogenesis mechanism of human typhoid fever caused by S. typhi due to lack of infection model in animals. A wild-type of S. typhi Ty2 strain requires cysteine to grow on minimal media. We hypothesized that this cysteine requirement may restrict colonization of S. typhi in animals during infection process. Among the S. typhi strains carrying Salmonella typhimurium genomic library, we have isolated three S. typhi transformants growing on minimal media without cysteine. Although there were three ORFs in DNA of pBP71, the STM1490 ORF complemented cysteine auxotrophy of S. typhi. Analysis of the deduced amino acid sequence of the STM1490 homolog in S. typhi revealed that there are differences in two amino acids. Plasmids containing amino acid substitutions in STM1490 supported S. typhi growth on minimal media without cysteine, indicating irrelevance of these two amino acids to STM1490 function. These results tells us that there are other factors or systems involved in cysteine requirement of S. typhi.
Introduction
Salmonella enterica is composed of more than 2,400 serovars that can infect human and a great diversity of animals resulting in diseases ranging from gastroenteritis to life-threatening systemic infection [1, 2] . Salmonella enterica serovar Typhi (S. typhi) is strictly adapted to human hosts, in whom it causes a systemic disease known as typhoid fever which results in some 600,000 deaths annually [3] . One limitation to studying the pathogenesis of typhoid fever is the absence of a good animal model, because S. typhi is strictly human adapted, causing disease only in higher primates [4] . Mice infected with S. typhimurium develop a systemic typhoid-like disease, which is commonly used to model S. typhi infections in humans [5] . However, an obvious shortcoming of this mouse model is the fact that S. typhimurium dose not cause typhoid fever in humans, suggesting that genetic differences between S. typhi and S. typhimurium are critically important for the disease outcome.
It is not known that the reason why S. typhi can't survive in the animals. Since S. typhi Ty2 is a cysteine auxo-troph, we assumed that this phenotype may contribute little or much to accomplish S. typhi colonization in the animals. To convert S. typhi to the virulent strain in animal at least in mouse, we have to modify S. typhi to generate S. typhimurium-like S. typhi. As a beginning stage for the development of S. typhi animal model, we screened and characterized genes which allow S. typhi growing in the minimal media without cysteine.
Materials and Methods
Bacterial strains, plasmids and culture conditions The bacterial strains and plasmids used in this study are listed in Table 1 . Salmonella typhimurium, Salmonella typhi and Escherichia coli were grown at 37 o C in Luria-Bertani (LB) broth or LB agar [6] . When required, Salmonella strains were cultured in Curtiss minimal medium (CMM) and M9 minimal medium. Media were supplemented with appropriate antibiotics at the following concentration (μg/ml) : ampicillin, 100; tetracycline, 15; kanamycin 50; chloroamphenicol, 30; streptomycin, 50. Diaminopimelic acid was added (50 μg /ml) for the Asdstrains [7] . LB agar containing 5% sucrose was used for sacB gene-based counterselection in allelic exchange experiment [8] . Amino acids, when required, were General DNA manipulations DNA manipulations were carried out as described by
Sambrook et al. [9] . DNA preparation, ligation, restriction analysis, transformation and electrophoresis were carried out as described by Sambrook et al. [9] . To move DNA library contained in S. typhimurium to S. typhi strain, P22HTint mediated general transduction was performed [10] . PCR amplification was employed to obtain DNA fragments for cloning and verification of chromosomal detection of the mutation.
Construction of a recombinant suicide plasmid for the chromosomal deletion of genes STM1490
The 5ʹ-flanking region of STM1490 gene was amplified ) medium containing ampicillin. But χ3769 (wt) was incubated no ampicillin. **Relative growth rate: -, no growth; +, weakly growth; ++, growth groupⅡ contains the same genes. Thus the plasmids were re-grouped into 3 categories, and the plasmids pBP71, pBP79 and pBP81 were chosen as a representative clone of each group. Although all three plasmids provided cysteine autotrophy function to S. typhi strain, the S. typhi containing pBP79 or pBP81 grow very slowly in the cysteine free minimal media. However, the strain harboring pBP71 exhibited apparent growth on cysteine-free minimal media.
S. typhi Ty2 derivatives grew also in the CMM media with methionine, suggesting that biochemical reactions involved in the conversion of methionine to cysteine are normal in S. typhi.
Identification of genes involved in the S. typhi cysteine autotrophy in the plasmid pBP71
To identify and analyze genes contained in DNA insert of pBP71, nucleotide sequencing was performed.
Nucleotide sequence analyses suggested that the insert DNA contains three ORFs (Fig. 1A) ; Ynfk (putative dethiobiotin synthease), STM1490 (putative chloride channel protein) and STM1491 (ABC-type proline/glycine betaine transport). Because the DNA contained in pBP71 harbors a part of ORF of STM1491 and mlc, we ignored those genes for the further characterization. To determine genetic limits for cysteine prototrophy, the DNA segment corresponding YnfK or STM1490 were PCR amplified and cloned into pBR322, resulting in pBP104 or pBP105, respectively (Fig.   1A ). The S. typhi containing pBP104 did not grow on the cysteine-free CMM. Interestingly, S. typhi contain pBP105 grew on the cysteine-free CMM, indicating that STM1490 gene complements cysteine auxotrophy (Fig. 1B) . Because STM1490 allele is exist in S. typhi chromosome, there is a chance that the complementation activity for pBP105 derived by the effect of gene dosage due to multicopy plasmid. To examine this possibility the STM1490 DNA fragment was cloned into pWSK29 vector which contains low copy number replication origin of pSC101, resulting in pBP115. S. typhi containing pBP115 grew on the cysteine-free CMM, indicating gene dosage independent complementation ( Fig. 1B) . 
Constructions
CMM (no sulfate) CMM coli χ7213 to S. typhi χ3769. Through series of steps required for the mutant selection and screening, a ΔSTM1490 mutant was selected and designated as a S. typhi CK44
( Table 1 ). The mutation was confirmed genetically by comparison of the amplified DNA size with various primer sets (Fig. 2) .
Amino acid substitution in STM1490
Comparison of amino acids sequences of STM1490 from S. typhi and other enteric including E. coli, Sigella, and S. typhimurium revealed amino acid difference at two distinct places, 229th and 246th. The S. typhi STM1490 at 229th and 246th were Y and W instead of H and C as seen in S. typhimurium STM1490, respectively (Fig. 3) . We replaced these two amino acids in S. typhimurium STM1490 with those in S. typhi STM1490. Overlapping PCR method described in a previous study [12] was applied to introduce brief scheme for the amino acid substitution. Two amino acid at 229H and 246C seen in S. typhimurium STM1490 was replaced to 229Y and 246W as seen in S. typhi STM1490. Overlapping PCR method was applied to introduce mutations. The recombinant DNAs carrying substituted amino acids, H229Y and C246W, were cloned into pBR322, resulting in pBP462 or pBP463, respectively. (B) Complementation assay for cysteine requirement. Both minimal agar media (CMM for left penal and M9 for right penal) was inoculated with bacteria as indicated, and incubated for 24 hr at 37 o C. All agar media is cysteine-free. definitive conclusion of role of two amino acids difference.
Additionally, examination of promoter activity for the transcription of STM1490 is required to explain clearly the complementing activity of STM1490 gene.
